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IMAGE SENSOR, IMAGE READING DEVICE, AND METHOD FOR SETTING 

RESOLUTION 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001 ] The invention relates to an image sensor, an image reading device, and a method 
for setting resolutions. 

2. Description of Related Art 

[0002] An image sensor is used for known facsimile machines, copiers, and hand 
scanners provided with an image reading device. FIG. 12 shows a structure of a knovra 
image sensor. Photoelectric converting elements Pla-Ple, such as phototransistors, output 
current (image signals) upon the detection of light. A power input terminal P2 inputs power 
supply voltage VDD. Channel selection switches P3a-P3e are connected to electric charge 
output ports of the photoelectric converting elements Pla-Ple. A shift register group P4 
includes shift registers P4a-P4f and is started by a start signal SI input to a start signal input 
terminal P5. The shift register group P4 performs on-off control for the channel selection 
switches P3a-P3e in synchronization with clock pulse signals (CLK) input to a clock pulse 
signal input terminal P6, to sequentially output the image signal from each photoelectric 
converting element Pla-Ple, to an image signal output terminal PI 1, through a common 
signal line P7. 

[0003] During the operation of the shift register group P4 after the shift register 
group P 4 is started by the start signal SI, more specifically, during the time until the start 
signal SI input to the shift register 4a, is output from the shift register P4f, a flip-flop P8 
continuously outputs an ON-signal. A chip selection switch P9 is interposed in the signal line 
P7 and open upon the reception of the ON-signal. A switch 10 is connected between the 
signal line P7 and a groimd terminal PI 2. The switch 10 repeatedly closes or opens, in 
accordance with changes in the levels of the clock pulse signal (CLK). 

[0004] Operations of a known image sensor are described below. The start signal SI 
and clock pulse signal CLK are input through the start signal input terminal P5 and the clock 
pulse signal input terminal P6, respectively, to the shift register group P4. The cycle of the 
start signal SI is set in order to be twice as long as that of the clock pulse signal CLK. The 
start signal SI is input to the shift register P4a at the falling edge of the clock pulse signal 
CLK. Upon the reception of the start signal SI, the shift register P4a is started. The shift 
register P4a closes the channel selection switch P3a during a time of one cycle of the clock 
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pulse signal CLK. Accordingly, the image signal that the photoelectric converting element 
Pla outputs, is output to the image signal output terminal PI 1, through the signal line P7. 
Thereafter, the channel selection switch P3a is open again and the start signal SI input to the 
shift register P4a is transferred to the shift register P4b. 

[0005] Thus, the start signal SI is transferred to the shift registers P4b, P4c, P4d, 
P4e, in this order, so that the image signals from the photoelectric converting elements Plb- 
Ple are sequentially output to the image signal output terminal Pll . The start signal SI is 
output, as a start signal for a sensor IC disposed downstream of the terminal PI 3 in a signal 
transmitting direction, from the shift register P4f, through a terminal P13. 

[0006] For example, Japanese Laid-Open Patent Publication No. 5-227362 discloses 
an image sensor capable of setting two resolutions for image reading by selectively and 
switchingly outputting the current to an image signal output terminal from photocells or 
photoelectric converting elements using an externally input control signal. 

SUMMARY OF THE INVENTION 

[0007] In the resolution setting manner disclosed in the above-described 
publication, two resolutions are set based on the conditions of the control signal, whether it is 
in a HIGH or a LOW condition. However, more than two resolutions cannot be set in the 
above-described image sensor. 

[0008] Accordingly, one exemplary aspect of the invention is to provide an image 
sensor, an image reading device, and a method for setting resolutions that is capable of setting 
multiple resolutions readily. 

[0009] To achieve the above-described exemplary aspect, an image sensor may include a 
plurality of photoelectric converting elements that convert an optical signal to an electric signal, each 
of the photoelectric converting elements being provided with an electric charge output port, a 
common signal line that is connected to the electric charge output port of each of the photoelectric 
converting elements, a group of channel selection switches that are disposed between the common 
signal line and each of the photoelectric converting elements and that tums on and oflfbetween the 
electric charge output port and the common signal line, a resolution switching device that outputs a 
resolution switching signal according to a resolution to be set based on an instruction of a resolution 
setting, and a control signal generator that detemiines an ON-OFF control pattern of the group of 
channel selection switches, based on the resolution switching signal, and supplies a drive signal to the 
group of the channel selection switches, based on the determined pattern. 



3 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] Exemplary embodiments of the invention will be described in detail with 
reference to the following figures in which like elements are labeled with like numbers and in 
which: 

[0011] FIG. 1 is a perspective view of a multifunction device according to the invention; 
[0012] FIG. 2 is a cross-sectional view of an image reading device of the multifunction 

device; 

[0013] FIG. 3 is a schematic illustration of the image reading device of the multifiinction 

device; 

[0014] FIG. 4 is a circuit diagram showing a structure of a reading head of the image 
reading device; 

[001 5] FIG. 5 is a circuit diagram showing a stmcture of a shift register of the reading 

head; 

[0016] FIG. 6 is a circuit diagram showing a structure of a resolution switching 
device according to a first embodiment of the invention; 

[0017] FIG. 7 is a schematic illustration showing waveforms of signals used for setting 
resolutions according to the first embodiment; 

[0018] FIG. 8 is a table showing a relation between a waveform of a STB signal and 
resolution setting data according to the first embodiment; 

[0019] FIG. 9 is a circuit diagram showing a structure of a resolution switching device 
according to a second embodiment of the invention; 

[0020] FIG. 10 is a schematic illustration showing waveforms of signals used for setting 
resolutions according to the invention; and 

[0021] FIG. 11 is a table showing a relation between a waveform of a SP signal and latch 
conditions according to the invention; and 

[0022] FIG. 12 is a schematic illustration showing a structure of a known image sensor. 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0023] An image sensor, an image reading device, and a method for setting 
resolutions according to embodiments of the invention will be described in detail with 
reference to the figures. A multifunction device including an image reading device 1 
according to a first embodiment will be described with reference to FIGS. 1 and 2. 

[0024] The multifunction device is a clam shell type that has an open and a closed 
structure. The multifunction device includes a lower body 2a and an upper body 2b. The 
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image reading device 1 is provided in the upper body 2b. Provided on the upper body 2b on a 
front side of the multifunction device is a control panel 4. The multifunction device includes 
an image forming device, such as a laser printer, of which detailed description is omitted 
herein. 

[0025] As a document feeding mode, the image reading device 1 according to an 
embodiment includes flatbed (FB) and auto-document feeder (ADF) modes. The image 
reading device 1 includes, as shown in FIG. 2, a flatbed portion la and a cover portion lb. 
The image reading device 1 is also a clam shell type that has an open and a close stmcture. 

[0026] In the image reading device 1, as shown in FIG. 2, a reading head 6, and a 
first platen glass 8 are disposed in the flatbed portion la. A docimient tray 12, a docimient 
feeding device 14, and a document discharge tray 16 are disposed in the cover portion lb. 

[0027] The reading head 6 includes a photoreceptor 3, a SELFOC lens 18, and a 
light source 20. Light is applied from the light source 20 to a document that is in a reading 
position. The light reflected off the document is received by the SELFOC lens 18 to form an 
image on the photoreceptor 3. Thus, the illuminated image is captured by the 
photoreceptor 3. The reading head 6 is moved to the right and left sides in FIG. 2, by a drive 
mechanism (not shown). When an image on a document is read, the photoreceptor 3 is 
moved directly below a reading position. 

[0028] Referring to FIG. 3, structures of the image reading device 1 is described. 
The image reading device 1 includes the reading head (image sensor) 6 that reads an image 
and an ASIC (application-specific integrated circuit) 5 that controls the reading head 6 and 
processes image signals input from the reading head 6. The ASIC 5 includes a wave 
generator 7, an A/D (analog-to-digital) converter 9, an image processor 11, and a CPU 
(central processing unit) 13. 

[0029] The wave generator 7 generates a strobe (STB) signal, a start pulse (SP) 
signal, and a clock pulse (CLK) signal. The wave generator 7 supplies those signals to the 
reading head 6. The A/D converter 9 converts an along image signal sent from the reading 
head 6 to a digital signal, which is output to the image processor 1 1 . The CPU 13 performs 
the controls of the ASIC 5. 

[0030] Referring to FIGS. 3 and 4, structures of the reading head 6 will be 
described. As shown in FIG. 4, the reading head 6 includes photoelectric converting elements 
15 that convert optical signals to electric signals. The photoelectric converting element 15 
may be thin- film photo-diodes or may be formed of a photoconductive thin fihn. A total of 
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10336 photoelectric converting elements 15 are aligned in a row at a density associated with 
1200 dpi. The photoelectric converting elements 15 are numbered in sequence from the 1st 
pixel to the 10336th pixel, as shown in FIG. 4. Each photoelectric converting element 15 is 
connected to a common electrode 17. A bias voltage VDD is applied to the photoelectric 
converting elements 15. 

[0031] Analog switches (channel selection switches) 19 are disposed in association 
with the photoelectric converting elements 15. The analog switch 19 tums on and off 
between an output terminal ( electric charge output port) of the photoelectric converting 
element 15 and an AO (analog output) terminal 21 of a signal output terminal. 

[0032] A shift register 23 performs ON/OFF controls of the analog switches 19. 
The shift register 23 is started by the SP signal and sequentially outputs signals to gates of the 
analog switches 19 in synchronization with the CLK signals. The shift register 23 generates 
resolution setting data based on a signal sent from a resolution switching device 31. Based on 
the resolution setting data, an image is read at one of a designated four resolutions of 1200 
dpi, 600 dpi, 400 dpi, and 300 dpi. 

[0033] A SP terminal 25 is for inputting the SP signal, generated by the wave 
generator 7 of the ASIC 5, to the shift register 23 and the resolution switching device 31. A 
CLK terminal 27 is for inputting the CLK signal, generated by the wave generator 7 of the 
ASIC 5, to the shift register 23 and the resolution switching device 31. A STB terminal 29 is 
for inputting the STB signal, generated by the wave generator 7 of the ASIC 5, to the shift 
register 23 and the resolution switching device 31. The resolution switching device 31 sets 
the resolution of the reading head 6. The resolution switching device 31 also outputs to the 
shift register 23 a signal associated with one of the four resolutions of 1200 dpi, 600 dpi, 400 
dpi, and 300 dpi. 

[0034] As shown in FIG. 4, the reading head 6 also includes a ground potential 
GND, a voltage applied to the LED VLED, a red ground potential for red LEDs RGND, a 
green ground potential for green LEDs GGND and a blue ground potential for blue LEDs 
BGND. 

[0035] Referring to FIG. 5, structures of the shift register 23 will be described in 
detail below. The shift register 23 includes flip-flops (F/F) 33 provided in association with 
the photoelectric converting elements 15. The flip-flops 33 are numbered from 1 to 10336, 
similar to the photoelectric converting elements 15. The CLK signals are supplied to each of 
the flip-flops 33. The SP signal is supplied to the first flip-flop 33. Upon the input of the SP 



6 

signal, each of the flip-flops 33 are activated and the analog switches 19 connected thereto are 
closed for a time of one cycle of the CLK signal. Selector switches 35 are provided in 
association with the even-numbered photoelectric converting elements 15. When resolution 
setting data associated with the 1200 dpi is received from a resolution setting data generator 
38, which will be described below, the selector switches 35 are connected to terminal 0 
thereof At this time, the second flip-flop 33 is connected to the third flip-flop 33 and the 
fourth flip-flop 33 is connected to the fifth flip-flop 33, Similarly, the 2n-th flip-flop 33 is 
connected to the (2n + l)-th flip-flop 33, where n is an integer of 1 to 5167. The (2n - l)-th 
flip-flop 33 is always connected to the 2n-th fifth flip-flop 33. Therefore, all of the 1st to the 
10336th flip-flops 33 are sequentially connected. 

[0036] When resolution setting data associated with the 600 dpi is received firom the 
resolution setting data generator 38, the selector switches 35 are connected to terminal 1 
thereof At this time, the (2n - l)-th flip-flop 33 is connected to the (2n + l)-th flip-flop 33, 
without being connected to the 2n-th flip-flop 33. In other words, the every other flip-flops 
33, that is, 1st, 3rd, 5th ... flip-flops 33 are connected. 

[0037] Selector switches 37 are disposed in association with the even-numbered 
(2n) photoelectric converting elements 15. When the resolution setting data associated with 
the 1200 dpi is received firom the resolution setting data generator 38, the selector switches 37 
are connected to terminal 0 thereof. At this time, each of the even-numbered flip-flops 33, 
such as the 2nd, 4th, 6th . . ., and 10336th flip-flops 33, are connected to a gate of the 
associated analog switch 19, through the selector switches 37. Each of the odd-numbered 
flip-flops 33, such as the 1st, 3rd, 5th . . ., and 10335th flip-flops 33, are always connected to 
the associated analog switches 19. Therefore, each of the flip-flops 33 numbered fi-om 1 to 
10336 are connected to the gate of the associated analog switch 19. 

[0038] When the resolution setting data associated with the 600 dpi is received from 
the resolution setting data generator 38, the selector switches 37 are connected to terminal 1 
thereof. At this time, the 1st flip-flop 33 is connected to the gates of the 1st and 2nd analog 
switches 19. The 3rd flip-flop 33 is connected to the gates of the 3rd and 4th analog switches 
19. In other words, the (2n - l)-th flip-flops 33 are connected to the gates of the (2n - l)-th 
and 2n-th analog switches 19. The even-numbered flip-flops 33 are not connected to any 
gates of the analog switches 19. As should be appreciated, the left side of the flip-flops 33, as 
shown in Fig. 5, is an input side and the right side of the flip-flops 33 is an output side. 
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[0039] In addition to the selector switch 35, the shift register 23 includes a selector 
switch (not shown) that connects every three flip-flops 33, such as 1st, 4th, 7th . . . flip-flops 
33, in association with the resolution setting data associated with 400 dpi. Further, in 
addition to the selector switch 37, the shift register 23 includes a selector switch (not shown) 
that connects the (3m - 2)th flip-flops 33 to the (3m - 2)-th, (3m - l)-th and 3m-th analog 
switches 19, in association with the resolution setting data associated with 400 dpi, where m 
is an integer of 1 to 3445. 

[0040] The shift register 23 includes a selector switch (not shown) that connects 
every four flip-flops 33, such as 1st, 5th, 9th . . . flip-flops 33, in association with the 
resolution setting data associated with 300 dpi. Further, the shift register 23 includes a 
selector switch (not shown) that connects the (4L - 3)th flip-flops 33 to the (4L - 2)-th, 
(4L - l)-th and 4L-th analog switches 19, in association with the resolution setting data 
associated with 300 dpi, where L is an integer of 1 to 2584. 

[0041] Referring to FIG. 6, the resolution switching device 31 will be described 
below. The resolution switching device 31 includes latches 39, 41. The latches 39, 41 input 
thereto the SP signal that is used as a signal for setting a period for designating a resolution, 
the CLK signal that is used as a signal for setting the timing for designating the resolution, 
and the STB signal that is used as a signal for designating the resolution. 

[0042] As shown in FIG. 7, the latch 39 latches DATA (output of the STB signal) at 
a timing of the first falling edge of the CLK signal during the period that the SP signal is on, 
as binary data. In other words, when DATA is on, "1" is latched. When DATA is off, "0" is 
latched. The data latched by the latch 39 is output to the resolution setting data generator 38 
of the shift register 23, as shown in FIG. 5. The latch 41 latches DATA (output of the STB 
signal) at a timing of the second falling edge of the CLK signal during the period that the SP 
signal is on, as binary data. The data latched by the latch 41 is output to the resolution setting 
data generator 38 of the shift register 23. 

[0043] Operations of the image reading device 1 will be described below. In the 
image reading device 1 according to the first embodiment, resolution is first set for the start of 
the image reading operation in the following manner. The wave generator 7, as shown in 
FIG. 3, generates the SP signal, CLK signal, and STB signal, based on the instruction fi-om 
the CPU 1 3 and outputs those signals to the resolution switching device 3 1 . 

[0044] The waveform of the STB signal generated by the wave generator 7 will be 
any one of waveforms 1-4 shown in FIG. 7. When the waveform of the STB signal is the 
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waveform 1, the STB signal is off at the timing of the first and second falUng edges of the 
CLK signal during the period that the SP signal is on. At this time, each of the latches 39, 41 
in the resolution switching device 31 latches "0". 

[0045] When the waveform of the STB signal is the waveform 2, the STB signal is 
on and off at the timing of the first and second falling edges of the CLK signal, respectively, 
during the period that the SP signal is on. Therefore, the latches 39, 41 latch "1" and "0", 
respectively. 

[0046] When the waveform of the STB signal is the waveform 3, the STB signal is 
off and on at the timing of the first and second falling edges of the CLK signal, respectively, 
during the period that the SP signal is on. Therefore, the latches 39, 41 latch "0" and "1", 
respectively. 

[0047] When the waveform of the STB signal is the waveform 4, the STB signal is 
on at the timing of the first and second falling edges of the CLK signal during the period that 
the SP signal is on. Therefore, the latches 39, 41 latch "1". 

[0048] As described above, the conditions of the latches 39, 41 in the resolution 
switching device 31 is one of the four conditions shown in the table of FIG. 8, based on the 
waveform of the STB signal generated by the wave generator 7. 

[0049] The resolution setting data generator 38 of the shift register 23 is connected 
to the latches 39, 41. The resolution setting data generator 38 generates four types of 
resolution setting data, based on the conditions of the latches 39, 41. More specifically, when 
each of the latches 39, 41 latches "0", the resolution setting data generator 38 generates the 
resolution setting data associated with 1200 dpi. Similarly, when the latches 39, 41 latch "1" 
and "0", respectively, the resolution setting data generator 38 generates the resolution setting 
data associated with 600 dpi. When the latches 39, 41 latch "0" and "1", respectively, the 
resolution setting data generator 38 generates the resolution setting data associated with 400 
dpi. When each of the latches 39, 41 latches "1", the resolution setting data generator 38 
generates the resolution setting data associated with 300 dpi. 

[0050] Accordingly, conditions of the latches 39, 41 in the resolution switching 
device 3 1 are determined firom the above-described four combinations, based on the 
waveform of the STB signal generated by the wave generator 7. Based on the conditions of 
the latches 39, 41, the resolution setting data associated with the latch condition is determined 
fi-om the four types. In the first embodiment, the resolution setting data associated with any 
one of the four resolutions is determined, based on the waveform of the STB signal. 
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[0051] The timing of latching is not limited to the falling edge of the CLK signal. 
The latches 39, 41 may latch DATA at the first and second rising edges of the STB signal, 
respectively. In addition, the STB signal, CLK signal, and SP signal may be interchanged for 
the latching. For example, the latch 39, 41 may latch the output of the SP signal at the timing 
of the falling edge of the CLK signal during the period that the STB signal is on. 

[0052] As shown in FIG. 7, at the falling edge of the SP signal that is used for the 
resolution setting, the operation of the shift register 23 is started. Patterns of ON-OFF control 
for the analog switches 19 performed by the shift register 23 is determined based on the 
resolution setting data generated as described above. Consequently, the resolution of the 
image reading device 1 is determined. 

[0053] The pattern of ON-OFF control for the analog switches 19 performed by the 
shift register 23 when the resolution setting data associated with 1200 dpi is generated will be 
described below, with reference to FIG. 5. As described above, when the selector switches 35 
are connected to the terminal 0 thereof, the 1st to 10336th flip-flops 33 are all connected. 
When the selector switches 37 are connected to the terminal 0 thereof, the 1st to 10336th flip- 
flops 33 are connected to the gates of the associated analog switches 19. 

[0054] As the SP signal is input to the first flip-flop 33, the first analog switch 19 is 
closed for a period of one cycle of the CLK signal. Thereafter, electric charge stored in the 
photoelectric converting elements 15 is sent to the AO terminal 21, as shown in FIG. 5. The 
SP signal input to the first flip-flop 33 is sequentially transmitted to the 2nd, 3rd, 4th, . . . and 
then to the 10336th flip-flop 33, in synchronization with the CLK signal. The flip-flops 33 
that receive the SP signal close the associated analog switches 1 9 for a period of one cycle of 
the CLK signal. Accordingly, the 1st to 10336th photoelectric converting elements 15 
sequentially release the electric charge stored therein to the AO terminal 2 1 . The electric 
charge sent to the AO terminal 21 is transmitted, as an image signal, to the A/D converter 9 of 
the ASIC 5. As the 1st to 10336th photoelectric converting elements 15 release the electric 
charge, reading of the first line is finished. Thereafter, the 2nd and subsequent lines are read 
by generating the resolution setting data and making the operational settings of the shift 
register 23, as described above, for each line based on the resolution setting data. 

[0055] Resolution data is added to the end of each line of image data, by a 
resolution data addition device (not shown). The resolution data is generated by the 
resolution data addition device, based on the conditions of the latches 39, 41 in the resolution 
switching device 3 1 . The resolution data corresponds to the resolution that is set for the 
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reading of each line. When the resolution setting data associated with 1200 dpi is received by 
the resolution setting data generator 38 from the resolution switching device 31, all 
photoelectric converting elements 15 independently release the electric charge, and 
accordingly the image signal associated with 1200 dpi is generated. 

[0056] The pattern of ON-OFF control for the analog switches 1 9 performed by the 
shift register 23 will be described below, when the resolution setting data associated with 600 
dpi is generated. As described above, the selector switches 35 are connected to the terminal 1 
thereof, so that every other (1st, 3rd, 5th . . . ) flip-flops 33 are connected. The selector 
switches 37 are coimected to the terminal 1 thereof. Accordingly, the 1st flip-flop 33 is 
connected to the gates of the 1st and 2nd analog switches 19. Similarly, the 3rd flip-flop 33 is 
connected to the gates of the 3rd and 4th analog switches 19. That is, the (2n - l)-th flip-flop 
33 is connected to the gates of the (2n - l)-th and 2n-th analog switches 19. The even- 
numbered flip-flops 33 are not connected to a gate of any analog switches 19. 

[0057] As the SP signal is input to the first flip-flop 33, the first analog switch 19 is 
closed for a period of one cycle of the CLK signal. The second analog switch 19 is also 
closed for a period of one cycle of the CLK signal, due to the selector switch 37 connected to 
the terminal 1 thereof. Accordingly, an electric charge stored in the 1st and 2nd photoelectric 
converting elements 15 is sent to the AO terminal 21, substantially at the same time. 

[0058] The SP signal input to the first flip-flop 33 is sequentially transmitted, 
through the selector switch 35 connected to the terminal 1 thereof, to the odd-numbered flip- 
flops 33, such as 3rd, 5th, ... and the 10335th flip-flop 33, in synchronization with the CLK 
signal. The odd-numbered flip-flops 33 that receive the SP signal, close two analog switches 
19 with the same number as the flip-flops 33 and its next number, for a period of one cycle of 
the CLK signal. Accordingly, every time the SP signal is transmitted to the odd-numbered 
flip-flops 33, electric charge stored in the photoelectric converting elements 15 with the same 
number as the flip-flops 33 and its next number is released to the AO terminal 21 . The 
electric charge thus sent to the AO terminal 21 is transmitted, as an image signal, to the A/D 
converter 9 of the ASIC 5. As the 1st to 10336th photoelectric converting elements 15 
release the electric charge, reading of the first line is finished. Thereafter, the 2nd and 
subsequent lines are read by generating the resolution setting data and making the operational 
settings of the shift register 23 , as described above, for each line, based on the resolution 
setting data. The resolution data is added to the end of each line of the image data, by the 
resolution data addition device (not shown), similarly as described above. 
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[0059] When the resolution setting data associated with 600 dpi is received by the 
resolution setting data generator 38 from the resolution switching device 31, two 
photoelectric converting elements 15 release the electric charge substantially at the same time. 
Accordingly, the image signal associated with 600 dpi is generated. 

[0060] The pattern of ON-OFF control for the analog switches 19 performed by the 
shift register 23 will be described below, when the resolution setting data associated with 400 
dpi is generated. 

[0061] As described above, the (3m - 2)th flip-flops 33, such as the 1st, 4th, and 7th 
flip-flops 33, are sequentially connected due to the selector switches (not shown), where m is 
an integer of 1 to 3445. The (3m - 2)-th flip-flops 33 are connected to the (3m - 2)-th, 
(3m - l)-th, and 3m-th analog switches 19. 

[0062] As the SP signal is input to the first flip-flop 33, the first to third analog 
switches 19 are closed for a period of one cycle of the CLK signal. Accordingly, an electric 
charge stored in the first to third photoelectric converting elements 15 is sent to the AO 
terminal 21. 

[0063] The SP signal input to the first flip-flop 33 is sequentially transmitted to 
the(3m - 2)-th flip-flops 33, such as the 4th and 7th flip-flops 33, in synchronization with the 
CLK signal. The (3m - 2)-th flip-flops 33 that receive the SP signal close the (3m - 2)-th, 
(3m - l)-th, and 3m-th analog switch 19 for a period of one cycle of the CLK signal. Every 
time the SP signal is transmitted to the (3m - 2)-th flip-flops 33, an electric charge stored in 
the (3m - 2)-th, (3m - l)-th, and 3m-th flip-flops 33 is released to the AO terminal 21. The 
electric charges sequentially sent to the AO terminal 21 is transmitted, as an image signal, to 
the AID converter 9 of the ASIC 5. As the 1st to 10336th photoelectric converting elements 
1 5 release the electric charge, reading of the first line is finished. Thereafter, the 2nd and 
subsequent lines are read by generating the resolution setting data and making the operational 
settings of the shift register 23, as described above, for each line, based on the resolution 
setting data. The resolution data is added to the end of each line of the image data, by the 
resolution data addition device (not shown), similarly as described above. 

[0064] When the resolution setting data associated with 400 dpi is received by the 
resolution setting data generator 38 from the resolution switching device 31, three 
photoelectric converting elements 1 5 release the electric charge stored therein substantially at 
the same time. Accordingly, the image signal associated with 400 dpi is generated. 
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[0065] The pattern of ON-OFF control for the analog switches 19 performed by the 
shift register 23 will be described below, when the resolution setting data associated with 300 
dpi is generated. 

[0066] As described above, the (4L - 3)th flip-flops 33, such as the 1st, 5th, and 9th 
flip-flops 33, are sequentially connected, due to the selector switches (not shown), where L is 
an integer of 1 to 2584. The (4L - 3)th flip-flops 33 are connected to the (4L - 3)th, 
(4L - 2)-th, (4L - l)-th and 4L-th analog switches 19. As the SP signal is input to the first 
flip-flop 33, the first to fourth analog switches 19 are closed for a period of one cycle of the 
CLK signal. Accordingly, electric charge stored in the 1st through 4th photoelectric 
converting elements 15 is sent to the AO terminal 21. 

[0067] The SP signal input to the first flip-flop 33 is sequentially transmitted to the 
(4L - 3)th flip-flops 33, such as the 5th and 9th flip-flops 33, in synchronization with the CLK 
signal. The (4L - 3)th flip-flops 33 that receive the SP signal, close the (4L - 3)th, (4L - 2)-th, 
(4L - l)-th and 4L-th analog switches 19 for a period of one cycle of the CLK signal. 
Accordingly, every time the SP signal is transmitted to the (4L - 3)th flip-flops 33, electric 
charge stored in the (4L - 3)th, (4L - 2)-th, (4L - l)-th and 4L-th photoelectric converting 
elements 15 is released to the AO terminal 21 . The electric charge thus sent to the AO 
terminal 21 is transmitted, as an image signal, to the AID converter 9 of the ASIC 5. As the 
1st to 10336th photoelectric converting elements 15 release the electric charge, reading of the 
first line is finished. Thereafter, the 2nd and subsequent lines are read by generating the 
resolution setting data and making the operational settings of the shift register 23, as 
described above, for each line, based on the resolution setting data. The resolution data is 
added to the end of each line of the image data, by the resolution data addition device (not 
shown), similarly as described above. 

[0068] When the resolution setting data associated with 300 dpi is received by the 
resolution setting data generator 38 fi-om the resolution switching device 31, four 
photoelectric converting elements 1 5 release the electric charge substantially at the same time. 
Accordingly, the image signal associated with 300 dpi is generated. 

[0069] The generation of the resolution setting data may be performed once for one 
page of an image to be read. In this case, the operational settings for the shift register 23 may 
be made based on the same resolution setting data throughout the reading of one page. 

[0070] The ASIC 5 determines whether an image data transmitted fi-om the reading 
head 6 is read at the resolution set by the ASIC 5. More specifically, the resolution associated 
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with the waveform generated by the wave generator 7 (resolution set by the ASIC 5) 
corresponds to the resolution data added to the image data. 

[0071] If the image data sent from the reading head 6 is read at the resolution set by 
the ASIC 5, normal image processing is performed. If the image data from the reading head 6 
is not read at the resolution set by the ASIC 5, a warning is issued or the image reading 
operation is stopped. 

[0072] Effects brought by the image reading device 1 , the reading head 6, and the 
resolution setting method according to the first embodiment will be described below. 

[0073] Effect 1 : Four resolutions of 1200 dpi, 600 dpi, 400 dpi, and 300 dpi may be 
selectable. The setting of the resolution may readily be made based on the three types of 
STB, SP, and CLK signals. 

[0074] Effect 2: The start signal (SP signal) may set a period for designating a 
resolution in the first embodiment. The ON-OFF control for the shift register 23 may be 
started based on the falling edge of the SP signal. Therefore, the ON-OFF control for the 
shift register 23 may not be started, until the SP signal used for the resolution setting falls. 

[0075] Effect 3: Resolution may be set for each line of an image to be read. In this 
case, the resolution setting and image reading of one line may be stored as a series of 
operations performed for one line. The series of the operations may be performed repeatedly 
for the image reading. Therefore, the controls of the image reading device 1 may be 
facilitated. Resolution of the image to be read may be set for every page. In this case, the 
setting of the resolution may be made once for each page, so that the number of resolution 
setting to be made may be reduced. Accordingly, the time required for the image reading may 
be reduced. 

[0076] Effect 4: When a resolution other than the maximum resolution of 1200 dpi 
is set, the shift register 23 may tum on the plurality of the analog switches 19 substantially at 
the same time, according to the set resolution. Therefore, the electrical signals may be 
released from the plurality of the photoelectric converting elements 15 and sent to a signal 
line substantially at the same time. Even when an output of an electrical signal from one 
photoelectric converting element 15 is small due to the shortened cycle of receiving optical 
signals through outputting electric signals, a plurality of the photoelectric converting elements 
15 may output the electric signals to a signal line substantially at the same time, if the 
resolution other than the maximum resolution of 1200 dpi, that is, a resolution of 600 dpi, 
400 dpi, or 300 dpi is set. Therefore, the outputs of the electric signals to the signal line may 
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not become small, so that a signal-to-noise (S/N) ratio of the read image may be maintained 
high. 

[0077] Effect 5: Every time one line is read (every time resolution is set), the image 
signal contains a resolution signal indicative of a resolution. Therefore, the ASIC 5 may 
determine whether the resolution setting in the reading head 6 is appropriately made. When 
the resolution setting is inappropriately made, the image reading may be stopped or warning, 
such as messages, may be issued. 

[0078] A second embodiment will be described below. It should be noted that Hke 
elements be labeled with like numbers. The image reading device 1 according to the second 
embodiment is basically the same as the image reading device 1 according to the first 
embodiment, except that the image reading device 1 according to the second embodiment 
includes three latches 47, 49, 51 in the resolution switching device 31, as shown in FIG. 9. 

[0079] In the second embodiment, the STB signal is for setting a period for 
designating a resolution. The CLK signal is for setting the timing for designating the 
resolution. The SP signal is for designating the resolution. As the STB, CLK, and SP signals 
shown in FIG. 10 are input fi-om the wave generator 7 to the resolution switching device 31, 
the latch 47 latches DATA (output of the SP signal) at a timing of the first falling edge of the 
CLK signal, during the period that the STB signal is on, as binary data. More specifically, the 
latch 47 latches "1" if the SP signal is on at the timing of the first falling edge of the CLK 
signal, during the period that the STB signal is on. The latch 47 latches "0" if the SP signal is 
off at the timing of the first falling edge of the CLK signal, during the period that the STB 
signal is on. The latch 49 latches "1" and "0" if the SP signal is on and off, respectively, at 
the timing of the second falling edge of the CLK signal, during the period that the STB signal 
is on. The latch 51 latches "1" and "0" if the SP signal is on and off, respectively, at the 
timing of the third falling edge of the CLK signal, during the period that the STB signal is on. 

[0080] The conditions of the latches 47, 49, 51 in the resolution switching device 31 
are changed by changing a waveform of the SP signal generated by the wave generator 7, 
based on the instruction fi-om the CPU 13. Combinations of the conditions of the latches 47, 
49, 51 are shown in the table of FIG. 11. 

[0081] The resolution setting data generator 38 generates eight types of resolution 
setting data, according to the 8 different conditions of the latches 47, 49, 51. Based on the 
resolution setting data, the patterns for ON-OFF control performed by the shift register 23 for 
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the analog switches 19 are determined. Consequently, resolution for image reading by the 
image reading device 1 is determined, 

[0082] The shift register 23 includes a selector switch (which correspond to the 
selector switch 35 in the first embodiment) that connects the flip-flops 33 with one or more 
the flip-flops 33 skipped, according to the resolution setting data of 8 types. The shift register 
23 also includes a selector switch (which correspond to the selector switch 37 in the first 
embodiment) that closes the plurality of the analog switches 19 with respect to one flip-flop 
33, according to the resolution setting data. 

[0083] The image reading device 1 according to the second embodiment, sets the 
resolution setting data fi-om 8 types, based on the three types of SP, CLK, and STB signals 
that the wave generator 7 generates. Based on the set resolution setting data, the pattern of 
ON-OFF control performed by the shift register 23 for the analog switches 19 is determined. 
Thus, the resolution for the image reading device 1 is determined fi"om the 8 types. 

[0084] As shown in FIG. 9, the resolution switching device 31 according to the 
second embodiment includes switches 53, 55. The switch 53 does not allow the input of the 
SP signal to the shift register 23, until the STB signal falls. The switch 55 does not allow the 
input of the CLK signal to the shift register 23 until the STB signal falls. 

[0085] In the image reading device 1 according to the second embodiment, with the 
switch 53, the shift register 23 is not activated by the SP signal used as the resolution setting 
signal before the STB signal falls. Accordingly, even when the timing that the SP signal, 
which is used as the resolution setting signal in the second embodiment, is tumed on is varied 
or shifted, the SP signal does not activate the shift register 23. Therefore, a start timing of the 
image reading is not off Further, the shift register 23 is not activated before the resolution is 
set. 

[0086] In the second embodiment, the SP signal is again input to the resolution 
switching device 31, after the falling edge of the STB signal. At this time, as the STB signal 
has already fallen, the SP signal is input to the shift register 23 through the switch 53, to 
activate the shift register 23, 

[0087] For the image reading device 1 according to the second embodiment, similar 
effects to the above-described Effects 1, 3, 4 and 5 of the first embodiment will be brought 
about. 

[0088] While the invention has been described with reference to the embodiments, 
it is to be understood that the invention is not restricted to the particular forms shown in the 
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foregoing embodiments. Various modifications and alterations can be made thereto without 
departing fi-om the scope of the invention, as set forth in the appended claims. 

[0089] For example, for the resolution setting according to the second embodiment, 
the SP, STB, and CLK signals may be interchanged. More specifically, the STB signal may 
be used as a signal for setting a period for designating a resolution. The SP signal may be 
used as a signal for setting the timing for designating the resolution. The CLK signal may be 
used as a signal for designating the resolution. 

[0090] The CLK signal may be used as a signal for setting a period for designating a 
resolution. Li this case, one of the STB and SP signals may be used as a signal for setting the 
timing for designating the resolution. The other one of the STB and SP signals may be used 
as a signal for designating the resolution. 

[0091] Further, the SP signal may be used as a signal for setting a period for 
designating a resolution. Li this case, one of the STB and CLK signals may be used as a 
signal for setting the timing for designating the resolution. The other one of the STB and 
CLK signals may be used as a signal for designating the resolution. 

[0092] When the SP signal is used as a signal for setting the timing for designating 
a resolution or for designating a resolution, it is preferably that the switch 53 be provided to 
prevent the SP signal fi-om being input before the signal for setting a period for designating a 
resolution falls. 

[0093] In the second embodiment, the output of the SP signal may be latched at the 
rising edge of the CLK signal during the STB signal is on. 

[0094] The switch 53 may be structured such that the SP signal is not input to the 
shift register 23 during a predetermined period of time firom the falling or rising edge of the 
STB signal. 



